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This  report  summarizes  the  octanol/water  partition  coefficients  (l^ow)  | 

for  a  variety  of  substances  frequently  encountered  as  environmental  pollutants 
that  are  unique  to  or  of  particular  Interest  to  the  military.  Sources  of  the 
data  are  experimental  values  published  In  the  open  literature  or  in  government 
reports,  and  values  determined  experimentally  In  this  Laboratory.  The  purpose 
of  the  report  Is  to  contribute  to  the  establishment  of  a  data  base  to  be 
used  In  predictive  models  of  transport  and  transformation  in  the  environment; 
it  will  aid  in  the  assessment  of  possible  ecological  and  health  impacts  due  to 
past  or  present  military  activities. 


The  ecological  and  health  effects  of  chemical  pollutants  disseminated  in 
association  with  the  production  and  use  of  munitions  and  chemical  agents  are 
an  important  concern  of  the  U.S.  Army  Medical  Research  and  Development 
Command.  The  problem  is  complex  from  a  chemical  standpoint  because  of  the 
large  variety  of  toxic  chemicals  associated  with  their  manufacture.  The 
situation  is  further  complicated  by  the  physical  and  chemical  transformations 
these  compounds  undergo  in  storage,  during  use  and  in  the  environment. 
Moreover,  much  of  the  current  contamination  was  generated  by  a  succession  of 
government  and  corporate  laboratories;  proper  containment  procedures  were  yet 
to  be  developed  and  records  were  sometimes  Inadequate. 

Octanol/water  partition  coefficients  (Kg^s)  are  of  considerable  use  for 
deriving  other  equilibrium  constants  needed  to  predict  the  fate  of  chemicals 
in  the  environment^.  Valurs  of  Kqw  estimated  by  a  variety  of 

calculations^  but  are  more  accurately  derived  experU.  intally.  The  earliest 
experimental  method  relied  on  establishing  an  equilibrium  of  solute  between 
the  Immiscible  distribution  solvents  octanol  and  water.  In  this  "shake  flask" 
method,  octanol  and  water  containing  the  solute  are  vigorously  shaken  until 
equilibrium  is  achieved  and  the  two  phases  allowed  to  separate;  the 
concentration  of  the  solute  in  the  octanol  divided  by  that  In  water  is  the 

This  method,  although  still  the  standard.  Is  time-consuming  and  presents 
problems  whenever.very  large  or  very  small  KqwS  are  encountered.  A  more 
convenient  method^  has  been  developed  that  relies  on  the  relationship  between 
a  compound's  octanol/water  partition  coefficient  and  Its  retention  tine  In 
reverse  phase  high-performance  liquid  chromatography  (HPLC).  In  this  method 
the  known  log  Koy,  values  for  a  series  of  standards  are  plotted  against  the 
logarithms  of  their  corrected  HPLC  retention  tiroes,  and  the  slopes  of  such 
relationships  are  determined  by  linear  regression.  values  for  compounds 
similar  to  the  standards  can  then  be  accurately  estimated  from  their  retention 
times  by  Interpolation.  While  this  solves  many  of  the  problems  associated 
with  the  shake  flask  method.  It  is  only  accurate  when  the  compounds  used  as 
standards  and  the  unknowns  contain  similar  functional  groups  and  have  similar 
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polarity.  Compounds  with  very  high  values  require  a  special  modification 
of  the  shake  flask  method.  In  this  technique  the  combined  octanol/water 
phases  are  carefully  layered  to  avoid  emulsion,  the  solute  added  and  the 
mixture  slowly  stirred  for  several  days  to  achieve  equilibrium.  The  phases 
are  then  analyzed  and  the  determined  as  in  the  shake  flask  procedure. 

Regressions  have  been  established  between  and  solubility,  adsorption 
on  soil  and  uptake  by  aqueous  organisms^.  Due  to  the  utility  of  as  a 
predictive  tool,  values  for  many  compounds  have  been  determined,  and  a 
convenient  listing  of  these  was  provided  a  decade  ago  by  Hansch  and  Leo^.  In 
addition,  relatively  accurate  estimates  of  Kqv^  can  often  be  obtained  by 
calculations  that  utilize  fragment  analyses  and  by  regression  equations  that 
relate  to  the  partition  coefficient  of  solutes  between  water  and  other 
solvents". 

The  listing  we  provide  here  is  in  response  to  a  U.S.  Army  Toxic  and 
Hazardous  Materials  Agency  (USATHAMA)  request  for  K(,y^  values  for  the  compounds 
found  in  Appendix  A.  The  reported  values  are  experimentally  derived  but 
estimation  methods  have  been  used  to  pick  best  values  among  widely  differing 
published  Laboratory  determinations  of  were  performed  in-house  by 

the  HPLC  retention  time  method  of  Harnisch^  when  literature  results  were  not 
available.  determinations  for  compounds  with  known  values  were  also 
performed  for  standardization,  and  as  a  check  on  the  accuracy  of  the 
laboratory  procedures. 

To  assist  the  reader  in  identifying  the  compounds  of  interest,  chemical 
structures  are  provided  and  relaUd  compounds  are  handled  as  subgroups. 
Compounds  not  found  in  water  in  the  form  listed,  such  as  lewisite,  and 
compounds  that  are  ions  under  normal  conditions  (pH  values  between  5  and  9)  do 
not  have  meaningful  Kqw  values.  These  compounds  are  identified  in  the  text. 

DERIVATIVES  OF  METHYLPHOSPHONIC  ACID 


Owing  to  changes  in  the  rules  of  nomenclature  one  may  experience  some 
ambiguity  as  to  the  structure  of  these  compounds.  Under  older 
rules  of  nomenclature^,  ethyl  methylphosphonate  and  ethyl  methyl phosphonic 
acid  would  denote  the  monoethyl  ester  and  the  “secondary  phosphonic"  (really  a 
phosphinic)  acid  shown  here. 


% 

CHj-P-O-CHj-CHj 

OH 

Ethyl  half  ester 


0 

N 

CH--P  -ru-  -ru 

OH 

Secondary  phosphonic  acid 


Under  current  rules^  the  latter  compounds  are  named  phosphinic  acids, 
and  the  terms  ethyl  methylphosphonate  and  ethyl  methyl phosphonic  acid  now 
designate  the  same  compound. 
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Z 


CHj-P-O-CHj-CHj 

OH 


Ethyl  methylphosphonate/Ethyl  methylphos phonic  acid 

Similar  nomenclature  applies  to  isopropyl  methylphosphonate  (isopropyl 
methylphosphonic  acid). 

0 

I 

CH,-P-0-CH  (CH3)  j 
OH 

Isopropyl  methylphosphonate/Isopropyl  methylphosphonic  acid 

Apparently  USATHAMA  (Appendix  A)  used  the  suffix  "ate*  to  indicate  the 
salt  form  and  the  "acid”  ending  to  indicate  an  undisassociated  Lowry-Bronsted 
acid.  The  question  of  whether  these  compounds  exist  in  the  ionized  or 
un-ionized  form  is  important,  for  if  they  are  ionized  they  will  remain  almost 
exclusively  in  the  aqueous  phase  and  will  not  have  a  demonstrable  Acid 

strength  of  organic  acids  decreases  with  increasing  length  of  the  attached 
hydrocarbon  chains.  Therefore,  since  the  pK>  of  the  largest  phosphonic  acid 
on  our  list  (isopiopyl  methylphosphonic  acid)  is  lower  than  B,  it  follows  that 
it  and  the  other  phosphonic  acids  would  be  almost  completely  ionized  under 
normal  environmental  conditions. 

Experiments  in  our  laboratory^  using  the  titration  method  of  Rosenblatt 
and  Davis^  have  demonstrated  a  pKj|  for  isopropyl  methylphosphonate  of  2.41. 
Kosolapoff^  reports  a  pKjl  for  methylphosphonic  acid  of  2.35.  We  therefore 
consider  both  ethyl  methylphosphonate  and  isopropyl  methylphosphonate  to  have 
vanishingly  small  K^y^s  at  ambient  pH. 

Dimethyl  methylphosphonate  has  a  log  Kgw  -0.61  according  to 
Krikorian®. 

0 

il 

CH3-P-O-CH3 

I 

O-CH3 

Dimethyl  methylpho'  honate 


Oisopropyl  methylphosphonate  (DIMP)  has  log  Kq^  values  reported  as  1.03 
by  iCrikorlen  and  Chorri  and  1.3S  by  SrueggsiTianri  .  The  relationship  between 
the  log  kgy  values  reported  by  Krikorlan  and  Chorn  for  a  series  of 
phosphpnates  and  the  number  of  carbon  atoms  in  these  molecules,  appears  to  be 
linear^.  Regression  of  the  data  Indicates  an  anomaly  in  the  fit  of  DIHP,  such 
that  Krikorlan  and  Chorn* s  value  for  log  Kgy^  Is  probably  too  low.  Inclusion 
of  Brueggemann's  result  In  this  relationship  yields  a  much  better  fit  and  is 
therefore  considered  the  more  accurate  value. 
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CHg-P-O-CH  (CHg)  2  ^  -P'O-CH-  (CHg)  2 

0“CH  (CH3)  2  CH3 

D1 isopropyl  methylphosphonate  GB 

GB  (isopropyl  methylphosphonof luoridate)  is  a  quick-acting  nerve  agent. 

It  could  not  be  tested  in  our  laboratory,  and  values  were  not  available  in 
the  literature.  Rosenthal  et  al.  reported  chloroform/water,  benzene/water, 
carbon  tetrachloride/water  and  hezane/water  partition  coefficients  of  31.2, 
2.08,  0.84  and  0.20  respectively^^.  Such  values  can  sometimes  be  used  to 
estimate  through  solvent  regression  equations^.  However,  the  results  of 
such  calculations  were  so  divergent  in  the  present  instance  that  a  credible 
value  for  could  not  be  determined.  It  is  known,  however,  that  GB  is 
volatile  and  hydrolyzes  in  water^^  and  should  therefore  not  pose  a  long-term 
environmental  hazard. 


METHYLMERCURIES  AND  DIMETHYLMERCURY 


Determination  of  the  kgw  fof^  metallic  mercury  and  for  methylmercury 
compounds  presents  several  interesting  problems.  Mercury  may  be  found  in 
oxidation  states  0,  ±1  and  42.  Mercury  metal  (oxidation  state  limited 

solubility  in  water^^  and  high  volatility^.  Shoichi  and  Sokichi^^  report 
values  for  metallic  mercury  of  from  3.80  to  4.80,  with  values  decreasing  as  a 
function  of  temperature  in  the  range  of  278  to  308  K.  Mercury  +l  and  +2  salts 
may  be  methylated  abiotically  or  microbially.  In  the  methylated  molecules  the 
covalent  bond  between  carbon  and  mercury  resists  hydrolytic  cleavage^®.  Kqv/ 
values  for  mixed  methylmercuric  hydroxide  and  methylmercuric  chloride  are  a 
result  of  equilibrium  between  the  two  species.  The  of  the  mixture  in  an 
aqi|igous  medium  appears  to  depend  on  salinity  (chloride  concentration)  and 
pH'^  . 


Diraethylmercury  is  a  product  of  a  microbial  disproportionation  reaction 
in  which  two  methylmercury  cations  condense  to  yield  un-ionized 
dimethylmercury  and  ionized  mercury  42^®. 


2  CHs-Hg" . >  (CH3)2-Hg  4 

Dimethylmercury  is  nearly  insoluble  in  water  and  it  has  a  high  vapor 
pressure.  These  properties  combine  to  give  the  compound  a  short  residence 
time  in  aqueous  systems  and  tend  to  make  accurate  determination  of  ICgy  by 
conventional  methods  difficult.  Wasik*'  was  able  to  overcome  these  problems 
with  an  elegant  method  that  determined  the  octanol/water  partition  coefficient 
and  the  Henry's  law  constant  simultaneously.  This  system  yielded  the  log  Kow 
value  for  dimethylmercury  of  2.26  at  20®  C. 


CHj-Hg-CH, 


Dimethylmercury 
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COMPOUNDS  OF  ARSENIC 


The  compounds  of  arsenic  for  which  values  were  requested  are 
2-chloroviny1arsonic  acid,  2-chlorovinylarsonous  acid,  dimethylarsenic  acid, 
lewisite,  lewisite  oxide  and  methyl  arson ic  acid. 

Methylarsonic  acid  should  have  an  extremely  low  at  pH  7  because  it 
has  a  pK^  only  4.1^®.  The  similar  compound,  2-chlorovinylarsonic  acid, 
should  hence  have  a  low  as  its  chlorovinyl  group  is  electron 
withdrawing,^  making  it  an  even  stronger  acid  than  methylarsonic  acid. 


HjC-As-  (OH)  j 

Methylarsonic  acid 


Cl-CH-CH-  As  -  (OH)  2 
2-Chlorovin.ylarsonic  acid 


The  Koy  of  lewisite  cannot  be  determined  since  this  compound  is  not 
stable  in  water.  ARMY  FM  3-9^^  reports  that  “The  rate  of  hydrolysis  is  rapid 
for  both  vapor  and  dissolved  lewisite  and  when  the  humidity  is  high  lewisite 
hydrolyzes  so  rapidly  that  it  is  difficult  to  maintain  a  concentration 
sufficient  to  blister  even  unprotected  skin.“  Lewisite  oxide  is  the  species 
formed  when  lewisite  is  hydrolyzed  and  then  dried.  It,  in  turn,  is  converted 
quantitatively  to  2-chlorovinylarsonous  acid  when  dissolved  in  water^®.  'me 
latter  compound  represents  the  lewisite  species  actuallv  found  in  water:  it 
has  a  log  of  -0.07  as  determined  in  this  Laboratory^. 


C1-CH=CH-AS -0 


CI-CH-CH-AS-  (Cl)  2  Cl-CH-CH-As- (OH) 


Lewisite  oxide 


Lewisite 


2-Chlorovinylarsonous  acid 


Oimethylarsenic  acid  correctly  denotes  the  diester  of  arsenic  acid. 
However  esters  of  this  compound  are  highly  unstable  in  water  and  diesters  have 
never  been  reported^®.  This  terminology  has  however,  been  used  incorrectly  to 
denote  dimethylarsinic  acid  (cacodyl ic  acid).  Our  experiments”  have 
determined  the  latter  compound  to  have  a  log  Kgy/  of  -1.18. 

0  0 
(CHj-O)  s-As-OH  (CH,),-As-OH 


Dimethylarsenic  acid 


Cacodyl ic  acid 


ELEMENTAL  METALS 


With  the  exception  of  mercury,  all  the  native  metals  listed  are  medium 
to  high  melting  solids.  Melting  point  has  a  substantial  effect  on  aqueous 
solubility,  and,  as  expected,  the  solubility  of  these  elements  is  low. 
values  are  not  available  for  any  metal  except  mercury  and  their  determination 
is  not  within  the  current  capability  of  this  laboratory. 
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OTHER  COMPOUNDS  FOR  WHICH  Kqw  IS  NOT  APPLICABLE 

Biscarboxymethyl  sulfone,  biscarboxymethyl  sulfoxide  and  thiodiglycolic 
acid  are  putative  or  known  environmental  breakdown  products  of  sulfur  mustard; 
they  differ  only  in  the  oxidation  state  of  their  sulfur  atoms  and  are  all  in 
the  form  of  anionic  salts  at  pH>5.  They  are  not  susceptible  to  facile  Kqw 
measurement. 

0 

N  n 

HOOC-CHj-S-CHj-COOH  p 

0  HOOC-CHj-S-CHj-COOH  HOOC-CHj-S-CHj-COOH 

Biscarboxymethyl  sulfone  Biscarboxymethyl  sulfoxide  Thiodiglycolic  acid 

Bromide  and  chloride,  being  anions,  are  not  susceptible  to  Kqw 
determination.  Chloroacetic  acid  and  fluoroacetic  acid  have  pK^  values  of 
2.87  and  2.57^^,  so  that  they  occur  as  anions  at  ambient  pH. 

Cl-CHg-COOH  f'-CHj.-COOH 

Chloroacetic  acid  Fluoroacetic  acid 


2-Di isopropylaminoethylsulfonate  denotes  the  salt  form  of  a  sulfonic 
acid.  Sulfonic  acids  as  a  class  do  not  have  determinable  values  because 
they  are  very  strong  acids.  They  are  reported  to  be  the  most  water-soluble 
organic  compounds  known^  . 

CH-  ICH,)  j 

i  0 


CH-  (CHalg 

2-Di isopropylaminoethylsulfonate. 

LOG  Kow  POR  COMPOUNDS  FOR  WHICH  Kqw  VALUES  ARE  APPLICABLE  (value  listed  first 
is  considered  most  accurate) 


COMPOUND 


Log  K, 


REFERENCE 


Aldrin 


Atra2ine  _ 


CH  (CH^  , 


6,50  22  De  Bruijn  it  al.  1989 
5.66  23  Qeyer  et  al.  1984 
5.66  24  Kenaga  1980a 
5.3  25  usEpA  1986n, 


Rao  end  Davidson  1983 
Geyer  et  al.  1984 


« 


! 
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0 

u 


CHj  0 
I  II 


CHj-O-P-O-C-CH-C-NH-CHj 


0-CHj 


Azodr  in 


1.03  ®  Major  1988 


Benzene. 


Benzothiazole. 


2.01  Valvani  et  al.  1980 

2.12  USEPA  1986m 

2.13  Sangster  1989 


2.01  ^  Hansch  and  Leo  1979 


1988 


Cl 

Cl-c-ci 

2.73 

2.73 

Cl 

2.83 

2.64 

2.83 

Carbon  tetrachloride. 


29 
23 
28 

30 
27 


Davies  and  Dobbs  1984 
Geyer  et  al.  1984 
Valvani  et  al.  1980 
Neeley  et  al.  1974 
Sangster  1989 


O'" 


Chlorobenzene. 


97 


2.84  ti  Sangster  1989 
2.84  "  Valvani  et  al.  1980 
2.98  Tewari  et  al.  1982 


Cl 

H-C-Cl 

a 

Cl 


Chloroform 


1.90  Davies  and  Dobbs  1984 

1.96  II  Valvani  et  al.  1980 

1.97  32  Moriguchl  1975 

1.97  Sangster  1989 
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p-Chlorophenyl  methyl  sulfide 


9 


Brueggemann 


1979 


1.33 

p-Chlorophenyl  methyl  sulfoxide _ 


9 


Brueggemann 


1979 


W* 


U  Q 

1.20  ^  Brueggemann  1979 
p-Chlorophenyl  methyl  sulfone _ 


Cl-CH=CH-As-(OH)j 


-0.07  ”  Major  1988 


2,Chlorovinylarsonous  Acid. 

CClj 

6.96  De  Bruijn  et  al.  1989 

6.69  Rao  and  Davidson  1983 

5.60  (Mean  value)  Kedeg  et  al 
Dichlorodiphenyldichloroethylene  (DDE) _ 


1986 


CClj 


6.91  “  De  Bruijn  et  al. 

V  t  *  ^  IWVVil 

6.89  *  Lyman  et  al.  1982 
Dichlorodlphenyltrichloroethane  (DDT)  _  ..  _ 


1989 

1983 


BrCHg-CHBr-CHgCl 

^  *  2.29 

2.43 

1 , 2-D i br omo-3-ch 1 or opropane _ 


25  USEPA  1986 
USEPA  1985 


♦ 


I 


8 


a  jCH-CHj 


i,l-Dich1oroethane, 


1.8  25  USEPA  1986 


ClCHj-CHjCl 


1,2-Dichloroethane, 


1.79  35  veith  et  a1.  1983 

1.45  P  Davies  and  Dobbs  1984 
1.48  2  Hansch  and  Leo  1979 


CljCsCHg 

1.84  35  Mabey  et  a1.  1981 

1 ,1-Dichloroethylene _ _ 

ClCH-CHCl 


1.98  37  Gossett  et  al.  1983 
trans-1 .2-Dich1oroethv1ene _ 


Dieldrin 


5.40  22  De  Bruijn  et  al.  ^989 

4.32  2^  Davies  and  Dobbs  1984 

6.20  38  Briggs  1981 

3.69  25  Rao  and  Davidson  1983 

6.48  24  jcenaga  1980 

3.50  25  USEPA  1986 


0 

CHa-P-O-CH  (CH,)  j 
0-CH  (CHa) , 

1.35  ^  Brueggemann  1979 
Di isopropyl  methylphosphonate  _ 


* 


CHj-S-S-CHa 


Dimethyl  disulfide _ 

CHj-Hg-CHa 

Dimethylniercury__ _ 

0- 

CH3-P-O-CH3 

I 

O-CHj 

Dimethyl  methylphosphonate. 


1.77  2  Hansch  and  Leo  1979 


2-26  Wasik  1978 


-0.61  ®  Krikorian  1987 


9 


1.85  ®  Major  1988 
Dithiane  (1,4  isomer) _ _ _ 


-  CHj-CH^ 


Ethylbenzene. 


3.15  \\  Sangster  1989 
3.13  ll  Tewari  et  a1.  1982 

3.15  32  Horiguchi  1975 


5.04 

Hexachlorocyclopentadiene _ 


^3  Geyer  et  al. 


1984 


S  . 

(CHj-O)  rP-S-CH-COO-CHgCHg 
CHg-COO-CHg-CHg 

Malathion _ 


2.89  USEPA  1986 

2.89  ^  Hansch  and  Leo  1979 

2.89  Rao  and  Davidson  1983 


Hg 

Mercury_ 


3.8  to  4.2  ShoUht  1985 


(CH,)  J-N-N=0 


N-Nitrosodimethylamine 


0.57  ^  Hansch  and  Leo  1979 
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t 


s 

0-f  lO-CH,-CHj) , 


3.9  Briggs  1981 

3.8  Rao  and  Davidson 


1983 


V 

H 

Methylene  chloride 


1.25  Callahan  et  al.  1979 

1.30  25  USEPA  1986 

1.31  27  sangster  1989 


CHj-CH-CHj-C-CHj 

1.53  ®  Major  1988 

Methyl  isobutyl  ketone _ _ 

C I  1 

1.37  25  USEPA  1986m 
Sulfur  mustard  _ 

0 

,fCM,-C^S-Ol  ,*P*0-C-CHC1 

6“ 

Cl  3.11  2®  Briggs  1981 

Supona _ 


1 


circ«c-ci2 

Tetrachloroethylene _ 

HO-CHj-CHj-S-CHj-CHg-OH 

Thiodiglyol _ _ 


0  &Q  ^  llAficrK  MfiA  I  AQ  1Q7Q 


"0.08  ®  Major  1988 
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LJ 


Thioxane  (1,4  Oxathiane). 


0.77  ®  Major 


1988 


2.n  27  Sangster  1989 
2.73  ll  USEPA  1986 

2.68  28  Valvani  et  al.  1980 
2.65  Tewari  et  al.  1982 
2.63  28  Seyer  et  al.  1984 

2.69  32  Moriguchi  1975 


CI3C-CH3  2.60  25  USEPA  1986 

2.47  29  Davies  and  Dobbs  1984 

1.1.1- Trichloroethane _ 

ClgCH-CHjCl 

2.47  25  USEPA  1986 

1.1.2- Trichloroethane _ 


ru 


Toluene. 


CljC-CHCl 


Trichloroethylene. 


2.38  25  USEPA  1986 
2.29  2  Hansch  and  Leo  1979 
2.42  II  Veith  et  al.  1983 
3.3  28  Valvani  et  al.  1980 
3.3  29  Davies  and  Dobbs  1984 
3.3  23  Qjyer  et  al.  1884 
2.29  Rogers  et  al  1980 
2.53  29  Tewari  et  al.  1982 


0 

n 

P-  (0-CH3)  3, 


T  «  VMM 

•  I  HriiSwiijri  ^iiudviiawc. 


0.52  2  Hansch  and  Leo 


1979 


0 

CljC-CH-O-P-  (OCH3)  j 

1.40  2  Hansch  and  Leo  1979 
Vapona  _ _ 
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APPENDIX  A:  LIST  OF  SUBSTANCES  FOR  WHICH  VALUES  WERE  REQUESTED  BY  THE  U.S. 
ARMY  TOXIC  AND  HAZARDOUS  MATERIALS  AGENCY. 


Aldrin 

Arsenic 

Atrazine 

Azodrin 

Benzene 

Benzothiazole 

Bicycloheptadlene 

Biscarboxymethyl  sulfone 

Biscarboxymethyl  sulfoxide 

Bromide 

Cadmium 

Carbon  tetrachloride 

Chlordane 

Chloride 

Chloroacetic  acid 

Chlorobenzene 

Chloroform 

2-chlorov1ny1  arsenic  acid  (sicl) 
2-chlorov1nyl  arsonous  acid  (sicl) 
p-Chlorophenyl  methyl  sulfide 
p-Chlorophenyl  methyl 
sulfoxide 

p-Chlorophenyl  methyl  sulfone 

Chromium 

Copper 

DOE 

DDT 

1 , 2-D1bromo-3-ch loropropanc 

1.1- Dichloroethane 

1.2- Dichloroethane 

1 . 1- Dichloroethy lene 

1.2- 01 chloroethylene 
Dicyclopentadlene 
Oleldrin 

2-(D11sopropylam1no)-n-ethyl 
.  sulfonate  (sicl) 

2-(D1 1sopropy1am1no)-n- 
sthanethlol  (sici) 
Diisopropyinethylphosphonate  (sicl ) 
Dimethyl  disulfide 
Dimethyl  methyl  phosphonate  (sicl) 
Dimethyl  arsenic  acid  (sicl) 


Dimethyl  mercury  (sicl) 

Dithlane 

Endrin 

Ethyl  benzene  (sicl) 

Ethyl  methyl  phosphonate  (sic!) 
Ethyl  methyl  phosphonic  acid  (sicl) 
Fluoride 

Fluoroacetic  acid 
SB:  Sarin 

Hexachlorocyclopentadlene 

Isodrin 

Isopropyl  methyl  phosphonic 
acid  (sicl) 

Isopropyl  methyl  phosphonate  (sicl) 
Lead 

Lewisite 
Lewisite  oxide 
Malathlon 
Mercury 

Methylene  chloride 
Methyl  arsonic  acid  (sicl) 

Methyl  Isobutyl  ketone 
Methyl  mercury  salts  (sic!) 
Methylphosphonic  acid 
Mustard 

N-NItrosodimethylamlne 
ParathioR 
Sulfur  mustard 
Supona 

Tetrachloroethylene 

Thiodiglycol 

2,2-Th1od1glycol1c  acid 

Thioxane 

Toluene 

1.1.1- Trlchloroethane 

1 . 1 .2- Tr Ichloroethane 
Trichloroethylene 
Trimethyl  phosphate 
Vapona 
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